ᮀ Low levels of background radiation exist around us continuously. These levels increase with increasing land elevation, allowing a comparison of low elevations to high elevations in regard to an outcome such as cancer death rates. The present study compares archived cancer mortality rates in six low versus six high elevation jurisdictions. The study also compares mortality rates for all causes, heart disease, and diabetes in low versus high elevation jurisdictions in an effort to see if other mortality outcomes are different in low versus high elevations. Statistically significant decreases in mortality, with very large effect sizes, were observed in high land elevation for three of the four outcomes, including cancer. One possible explanation for the decreased mortality in high elevation jurisdictions is radiation hormesis. Another possible explanation, at least in the case of heart disease mortality, is the physiologic responses that accompany higher elevations regarding decreased oxygen levels. Since this is an ecological study, no causal inferences can be made, particularly when viewpoints on possible effects of low level radiation are diametrically opposed. Further research is indicated.
INTRODUCTION
There is controversy as to whether low level radiation poses a significant health risk. One side of the argument holds to the linear no-threshold (LNT) model, which essentially states that even the smallest amounts of radiation are harmful (Preston, 2008) . The other side of the argument states that low level radiation appears to be not only harmless (Nair et al, 1999) , but may actually provide a health benefit through hormesis (Allright et al, 1983; Jagger, 1998; Luckey, 2006; Scott and Di Palma, 2006) . What is not controversial is that the levels of natural background radiation (NBR) are lower at lower elevations than at higher elevations (NRC, 2009) . Jagger (1998) , for example, in an apparently non-numeric method of selection of low states, compared low and high elevation states for cancer rates and found lower cancer rates in high elevation states.
The purpose of the present study is to compare cancer mortality rates in low versus high elevations, using a numeric method of jurisdiction selection, and to compare the difference, if any, to other mortality outcomes, one of which (heart disease) is also thought to be related to elevation (altitude) while the other mortality outcomes (all causes and dia-betes) seemingly would be less-related to elevation. The null hypothesis is that there will be no difference in mortality rates between low and high elevation jurisdictions while the alternate hypothesis is that at least one of the outcomes will show a statistically significant difference. If there are differences between low and high elevations, then further research would be needed to determine causality of such an association given that the present inquiry is an ecological study.
METHODS
Age-adjusted mortality rates were obtained by jurisdiction for the following four mortality outcomes: 1) all causes, 2) malignant neoplasms ("cancer"), 3) diseases of the heart ("heart disease"), and 4) diabetes mellitus ("diabetes") for the following five years: 2001 (Arias et al, 2003 (Hoyert et al, 2006 (Minino et al, 2007 (Kung et al, 2008 . The outcomes of cancer mortality and heart disease were selected because of they have been linked with elevation (for heart disease, the term "altitude" is typically used in the literature). The other two mortality outcomes (all causes and diabetes) were selected because of their apparent lack of being linked to elevation, in an effort to further compare the cancer mortality rates to.
Jurisdictions were identified using the U.S. Geological Survey data by viewing their table of lowest and highest elevations by jurisdiction (U.S. Geological Survey, 2005) . In this table's lowest elevation column, six jurisdictions having the lowest elevation were selected ("low elevations"). As an example of the selection process, Delaware's highest elevation is 448 feet above sea level while its lowest elevation is at sea level. Consequently, all people in Delaware were considered to live in areas not exceeding 448 feet above sea level. Six jurisdictions having the highest elevation were selected using similar methodology ("high elevations"). As an example of the selection process of jurisdictions in the high elevation category, Colorado's lowest elevation is 3315 feet above sea level although its highest point is 14433 feet above sea level. Colorado was therefore considered to have its entire population living at an elevation of at least 3315 feet above sea level. The highest elevation jurisdiction in the low elevation category is Rhode Island, having a maximum elevation of 812 feet above sea level. The lowest elevation jurisdiction in the high elevation category is South Dakota, having a lowest elevation of 966 feet above sea level. The next highest elevation jurisdiction after 966 was Illinois, having a highest elevation of 1235 feet above sea level and a lowest elevation of 279 feet above sea level. Consequently, this state (Illinois) would not have been an appropriate addition to either the low or high elevation category because its highest elevation crosses over into the high elevation category when its lowest elevation (of 279 feet above sea level) would disqualify it from being in the high elevation category.
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The annual NBR for all jurisdictions consisted a minimum value of 26 mrem for cosmic radiation at sea level + the additional radiation according to feet above sea level, as follows: up to 1000 feet above sea level= 2 additional mrem; 1000-2000 feet above sea level = 5 additional mrem; 2000-4000 feet above sea level = additional 9 mrem (NRC, 2009). The radiation levels from terrestrial sources (i.e., radon) were added as follows: 23 mrem for states bordering the Gulf coast (Louisiana, Mississippi, and Florida); 46 mrem for all other states (NRC, 2009) . Ninety mrem can be assigned to the Colorado Plateau areas but since entire states were assessed, and some areas would not be part of the Colorado Plateau, the addition of the 90 mrem value was omitted. Thus, six jurisdictions in each of the low and high categories were obtained (Table 1) . Five years of mortality data were analyzed for each of the 12 jurisdictions for the four mortality outcomes (Table 2 ). This meant that each mortality outcome in each of the two categories (low versus high elevation) had a sub-total of 30 observations each or a total of 60 observations for each mortality outcome ( Table 2 ). The population for each jurisdiction, for each year, was Analysis consisted of assessing the data as follows: a) skew, performed in a spreadsheet, with values between -2 and + 2 considered to be not sig- (Garson, 2009 ); b) statistical differences between low and high elevation regions for the mortality outcomes, performed in SAS 9.2 (Cary, NC), elevation and NBR (performed in a spreadsheet), and c) effect size, performed in a spreadsheet for low versus high elevation groups for each variable, using a pooled standard deviation (Morgan et al, 2007) . Interpretation of effect size ranges were as follows: Very large = greater than or equal to 1.00; Large = 0.80; Medium = 0.50; Small = 0.20 (Morgan et al, 2007) . Since multiple tests for statistical significance were performed (n = 4, for the four mortality outcomes and n = 2 for elevations and NBR), a stringent Bonferroni-adjusted alpha was applied where the number of tests was divided by the traditional alpha of 0.05 (0.05/4 for outcomes) resulting in an adjusted alpha of 0.0125 (for outcomes) and 0.025 (0.05/2) for land and NBR, below or equal to which, statistical significance was considered to be present.
RESULTS
The data fell between skew values and -2 and + 2. Consequently, a ttest was used (two tails) to assess statistical differences. The mean elevation above sea level for low elevation jurisdictions was 559.3 compared to 2337 feet for high elevation jurisdictions, a statistically significant difference (p = 0.004) with a very large effect size (2.7). The mean annual NBR level for low elevation states was 62.5 mrem compare to 78.5 mrem for high elevation states, a statistically significant difference (p = 0.025; Figure 1 ), and therefore considered to be not statistical significant, while exhibiting a very large effect size (1.8) (Table 1) .
Mortality rates for the outcomes were as follows. All causes: low elevation = 903.3; high elevation = 793.8, a statistically significant difference (p < 0.0001) with a very large effect size (1.3); heart disease: low elevation = 257.9; high elevation = 187.7, a statistically significant difference (p < 0.0001) with a very large effect size (2.5); Cancer: low elevation = 204.5; high elevation = 170.8, a statistically significant difference (p < 0.0001) with a very large effect size (2.1); Diabetes: low elevation = 28.3; high elevation = 25.9, a statistically insignificant difference (p < 0.1) with a smallmedium effect size (0.4) ( Figure 2) .
DISCUSSION
Cancer mortality rates were significantly lower in high elevation jurisdictions, which of course consist of higher NBR levels. This suggests the presence of radiation hormesis. However, heart disease mortality (as well as mortality from all causes) was also significantly lower in the high elevation jurisdictions. The finding of lower cancer mortality in the present study is consistent with similar previous studies. Jagger (1998) for example found that cancer death rates were 1.26 times that of Rocky Mountain states. Tao et al (2000) also found that in high NBR areas in China cancer mortality was also lower in high background radiation regions. Conversely, Cardis et al (2005) found a small increased risk of cancer for low dose exposure to nuclear workers. In high elevations, decreased heart disease mortality may be related to decreased oxygen levels. In high altitudes effects of decreased oxygen can range from being factors in conditions such as pulmonary edema and right cardiac failure with peripheral edema (Ausiello et al, 2004) , to being innocuous (Erdmann, 1998) to providing a protective effect against cardiovascular disease and cancer (Weinberg et al, 1987) . In addition, this beneficial effect is thought to be related not to NBR but rather, due to thinner oxygen levels at higher altitudes (Weinberg et al, 1987) . Mortimer et al (1977) theorize that the benefit of higher altitudes on arteriosclerotic heart disease may relate to the increased levels of exertion needed at higher altitudes for the same work done at lower altitudes, hence more exercise at the higher altitudes compared to lower altitudes. Whether the decreased heart disease mortality is due to increase NBR (i.e., radiation hormesis) or to physiologic responses that accompany decreased oxygen at high altitudes, or some other factor(s), or due to Mortality rate means, differences, and effect sizes in low versus high elevation jurisdictions. Statistically significant differences, along with very large effect sizes were found between low and high elevation jurisdictions for all-causes mortality rates (p < 0.0001, effect size = 1.3), heart disease (p < 0.0001, effect size = 2.5), cancer (p < 0.0001, effect size = 2.1). Diabetes mortality was lower in higher elevation jurisdictions but this difference was not statistically significant (p = 0.1) with a small-medium effect size (0.4).
interaction of all of the above, is a question beyond the scope of this paper. Mortality from all causes is an outcome that perhaps is too general to attempt to suggest possible explanations as to why it would be less in higher elevations. The outcome of diabetes, which was theorized by the author to not be related to elevation, showed the weakest relationship with elevation.
The question may arise as to the possibility of cancer clusters being a factor in the mortality rates. This was considered but no clusters were found for the jurisdictions and years in this study (CDC, 2009) .
Ecological studies such as the present one do not allow causal inferences to be made but can be a first step for inquiry into new areas of research (Grimes and Schulz, 2002) . Furthermore,there remains a lack of clear understanding in regard to the possible effects of exposure to low level radiation (Hendry et al, 2009 ). There is certainly a divergence of opinion as to what effects, if any, result from exposure to low level radiation. On the one hand there is the viewpoint that low level radiation provides a protective (hormetic) effect (Allright et al, 1983; Jagger, 1998; Luckey, 2006; Scott and Di Palma, 2006) while on the other hand there is the view that supports the LNT model (Brenner et al, 2003) as reported in BEIR VII (Health Physics, 2005) . Clearly there is a need for further research, particularly they type that follows a given population over time such as done by Nair et al (2009) , as well as research that assesses confounding variables.
CONCLUSION
Statistically significant decreases, with very large effect sizes were observed in high elevation jurisdictions compared to low elevation jurisdictions for the mortality outcomes of all causes, heart disease, and cancer. Diabetes mortality was also lower in high elevation jurisdictions compared to low elevation jurisdictions but the difference was not statistically significant and exhibited a small-medium effect size. These findings suggest the presence of radiation hormesis, at least in regard to the cancer mortality from a plausibility standpoint (i.e., hormesis theory). However, causal inferences cannot be made since this is an ecological study. Future study should include other variables that are thought to be related to cancer death rates, such as educational attainment, smoking, and diet.
